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CLAIMS 

1 . Equipment for controlling blood flow in an extracoiporeal blood circuit, the 
said extracorporeal circuit having at least one blood treatment unit, at least one access 
5 branch extending between an area where blood is collected from a patient and Uie 
treatment unit, at least one peristaltic pump associated for operation with the said 
access branch of the extracorporeal cncuit, and at least one return branch extending 
between the treatment unit and an ai'ea where the blood is returned to the patient, tlie 
said equipment comprising: 
10 - at least a first sensor, designed to measiu*e an aiteriai pressure (Part) in a 
portion of the said access branch upstream of the peristaltic pump, and to 
generate a corresponding first output signal proportionfil to the said aiteriai 
pressure (Part); 

- . at least a second sensor, designed to measm*e aai aiigulai* velocity (o)) of the 
•15 • • - peristaltic pump and to- generate a corresponding second output signal, - 

proportional to the angular velocity of the said peristaltic pmnp; 

a memory designed to store at least one set vedue (Qset) of the desired blood 

flow through tlie said access branch, and a calibration fimction F m at least the 

following variables: 
20 • vl , related to the angular velocity of tlie pump (to), 

• v2, related to the arterial pressm-e (Part) in the portion of the said 
access branch upstream of the peristaltic pump, 

• v3, related to an actual flow of blood (Qactual) through the said access 
branch; 

25 - at least one control unit, connected for operation to the said sensors and to the 
said memory, for receiving the said fust and second output signals and for 
storing tlie coiTesponding measured values of aiteriai pressui*e (Part) and 
angular velocity (od) in the said memory, the said control unit being capable of 
executing a control procedm^e comprising tlie foUowng operations: 
30 • calculattQg an actual flow value (Qactual) by applying tlie said memory- 

resident calibration function F to the values of angulai* velocity and 
arterial pressm*e (Pait, co) measured by means of the said sensors; 

• comparing the said actual flow value (Qactual) with the said set flow 
value (Qset); 

35 • vai ying the angular velocity of the said peristaltic pump if tlie 

difference between the actual flow and the desired flow (Qactual - 
Qset) lies outside a predetermined range. 
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2. Equipment according to Claim U characterized in that it also comprises a timer 
device connected for operation to the control unit, the said conti-ol miit being 
capable of executing the said conti'ol procedure at predetermined time intervals. 

3. Equipment according to Claim 1, characterized m tiiat it also comprises a user 
5 interface device capable of sending to the control unit at least one signal for. 

activating the said control procedure and at least one signal for disabling it. 

4. Equipment accordmg to Claim 3, characterized in that the said user interface 
device is capable of receiving a manual settuag of the set flow (Qset) and of 
transmitting this settiag to the said control unit. 

10 5. Equipment according to Claim 4, characterized in that the said conti'ol unit is 
capable of operating, selectively, either in a fii*st operating mode, iia which it 
waits for the said activating and disabling signals and the said manual settmg of 
the set flow for activating the said control procedm'e, or m a second operatmg 
mode, in which it automatically executes tiie said control procedm-e diu'ing the 

15 said treatment *' 

6. Equipment accordmg to Clahn 1, chai-acterized m that tiie said control 
procedure also comprises a step of verifying the stability of the said arterial 
pressm'e (Part). 

7. Equipment accordmg to Claim 6, characterized m that the step of verifying tiie 
20 stability of the said arterial pressure (Part) comprises the following sub-steps: 

measuring a first arterial pressure (Parti ) at a predetermined instant (Tl ), 
measuring a second ai-terial pressure (Part2) at an instant (T2) following tiie 
said predetermined instant (Tl), comparing a difference between tlie first and 
second arterial pressures with a predetermined' range of acceptability, waiting 

25 for a predetermined time interval and repeating the said steps of measuring and 

tiie said step of comparing if the difference between the first and second arterial 
pressures does not lie within the said predetermined range of acceptabilitj^, and 
continuing the said control procedm-e if tiie difference between the first and 
second arterial pressures lies within the said predetemiined range of 

30 acceptability. 

8. Equipment accordmg to Clami 6, characterized m that the said step of verifying 
the stability of the aiterial pressiu^e is executed before tiie said step of 
calculating the actual flow. 

9. Equipment according to Claim 1, char-acterized in that the said steps of 

35 calcrdating an actual flow value (Qactual), comparing tiie said actual flow value 

(Qactual) with the said set flow value (Qset), and varying the angular velocity 
of the said peiistaltic pump succeed each other in time. 



wo 03/055542 



PCT/IBO 2/05595 



12 

1 0. Equipment according to Claim 9, characterized in that tliere is provided, after 
the said step of comparing tlie said actual flow value (Qactual) with the said set 
flow value (Qset), and before the said step of vaiyiiig tlie angular velocity of 
tlie said peristaltic pump, a step of comparing the Pail" witli a threshold value 

5 considered critical for the patient being treated, and in tliat, if the pressure is • 

below this threshold value, an exit is made from the algorithm and the operator 
is alerted by means of a warning message relatmg to tlie occurrence of a limit 
pressiu-e condition. 

1 1. Equipment according to Claim 9, chaiacterized in that there is provided^ after 
10 the said step of comparing tlie said actual flow value (Qactual) witli tlie said set 

flow value (Qset), and before the said step of vaiying the angulai* velocity of 
the said peristaltic pump, a step of comparing tlie angular velocity with an 
acceptable maximum value which can be imparted to the pump. 

12. Equipment according to Claim 1 , characterized m that the calibration fiuiction F 
•15 - ' also has at least tlie- following fuither variable : 

• V4, related to a time (Ti) elapsed from a start condition of the said 
control procedure, 

the said control unit being capable of determining a time which has elapsed 
between the said start condition and each instant in which the said control 
20 procedure is executed, and of calculating an actual flow value (Qactual) by 

applying the said memoiy-resident cahbration ftmction F to the value of die 
said time (Ti) elapsed and to the values of angular velocity and arterial pressure 
(Part, co) measured by means of the said sensors. 

1 3 . Equipment according to Claim 1 , characterized in that the calibration function F 
25 is of the type v3 = [Zi=o...n aj- (v2)"-^- (vl)* ] + C, 

where ai and C ai-e experimentally determined known pai'ameters. 

14. Equipment accordmg to Claim 12, characterized in tliat tlie calibration function 
F is of tlie type v3 = [Z i=o...n Ek=o...m (v2)"-^-^- (vl)^- (v4)»^ ] + C, 
where aj, b^ and C ai'e experimentally determuied known parameters. 

30 15. Equipment according to Claun 1 3 , chai-acterized in that the calibration function 

F is of the type v3 = a*vl+b*vl-v2+c*v2+d, 

where a, b, c, d are experimental^ determined Icnown pai*anieters, 
1 6. Equipment according to Claim 14, characterized in that the said calibration 

function F is of the type v3 = (a*vl+b«vl»v2+c»v2+d)»f(v4), 
35 where a, b, c, d are experimentally determuied known pai-ameters and f(v4) is a 

function which is also known and experimentally determined in tlie variable v4. 
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1 7. Equipment according to any one of tlie preceding claims, ciiaracterized in that 
the said memory is designed to store a phirahty of cahbration functions Fl, F2, 
... Fn, each at least in the variables vl, v2, v3, and each applicable to a 
corresponding one of apiui*aUty of types of extracorporeal circuits. 
5 18. Equipment according to Claim 1 7, characterized in tliat each of tlie said 
calibration functions F is also a function of the said variable v4. 

19. Equipment accordmg to Claun 1 8, characterized in that each of the said 
calibration fimctions F is also a function of at least one or more of the following 
further variables: 

10 - v5, related to the geometrical characteristics of an access member 

connectable for operation to the said extracorporeal circuit; 

v6, related to the length of the portion of tube of the access branch 
upstream of the said peristaltic pimip. 

20. Equipment according to Claim 19, characterized in that tlie said fimction F 

15 "domprises two functions F* aiid F", iinlced together with continuit}^, the first F' 

being valid in a fh*st range of values of ai'terial pressui*e, and the second F'' being, 
valid m a second range of values of arterial pressure which follows the said first 
range. 

21 . Software program comprising instructions for maldng the control unit capable 
20 of executing the steps of the control procedure as clauned m one or more of tlie 

preceding claims. 

22. Program according to Claim 2 1 , characterized in that it is stored on a magnetic 
and/or optical recording medium. 

23. Program according to Claim 21, characterized in that it is stored in a computer 
25 memory. 

24. Program according to Claim 2 1 , characterized in that it is carried by an electric 
or electromagnetic carrier. 

25. Program according to Claim 21 , characterized in that it is stored in a read only 
memory. 

30 26. Machme for treating blood in an extracorporeal cii'cuit, cliai*acterized in that it 
comprises equipment for conti*olling the blood flow according to any one of 
Claims 1 to 20. 

27. Machine for treathig blood in an extracorporeal circuit according to Claim 26, 
chai acterized in that it is capable of carrymg out one or more of the following 
35 treatments: 

liaemodialysis, 
haemofiltration. 
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liaemodiafilti'ation, 
pure ultrafiltration, 
plasmapheresis. 



